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FMRI STUDY OF PARALLAX UNDER TOPIC DRIVEN STIMULI 
 
ANDREW ELLISON 
ABSTRACT 
 Little is known regarding the brain regions responsible for the perception of 3 
dimensional (3D) versus 2 dimensional (2D) images. Thus, functional magnetic 
resonance imaging (fMRI) was used to determine activation patterns in the human brain 
under stereoscopic or monoscopic stimuli (e.g. 3D or 2D). To examine whether these 
regions differ as a function of subject matter, stimuli were separated based on the image 
themes: locations, objects, and plants and animals. A block design was used to collect 
data from subjects who were asked to view images in 2 and 3 dimensions in 6 runs. The 
goal of this study was to determine whether the activation pattern using passive 3D 
viewing is similar to what has been previously demonstrated using other 3D viewing 
techniques. A secondary aim was to determine if the stimulus thematic content altered the 
brain regions involved. The results revealed that in addition to lateral occipital complex 
(LOC), which has been previously discussed in literature, the supramarginal gyrus and 
parietal operculum cortex are involved in 3D image perception. 
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INTRODUCTION 
Humans and animals have the ability to view the world in three dimensions (3D).  
This allows us to readily navigate through and understand the surroundings in our 
environment. Depth perception which is the byproduct of our 3D perception of the world 
can be gained from a variety of cues, including binocular disparity, eye convergence, 
stereopsis and binocular vision. Perhaps the most natural of these cues in healthy sighted 
humans is binocular disparity whereby two-dimensional images from each eye are 
encoded with horizontally shifted retinas. These images are shifted in viewpoint by the 
pupillary distance. Without adequate depth perception, we are limited in our 
understanding of how far away objects and locations are from one’s self.  
The neuroanatomical correlates of depth perception have yet to be fully 
elucidated. Several different studies have attempted to gain an understanding of 
underlying brain areas responsible for processing binocular disparity, shading, 
perspective and motion parallax  and how these all work together to enable perception of 
depth (A. Buckthought et al., 2011; Athena Buckthought & Wilson, 2007; Finlayson, 
Zhang, & Golomb, 2017; Gaebler et al., 2014; Ganis, Thompson, & Kosslyn, 2004; 
Ogawa, Bordier, & Macaluso, 2013). These studies have shown many brain areas active 
during one form of stereoscopic viewing or another. Most of the associated activation 
was found in V1, V2, V3a, inferior temporal gyrus (IT), lateral occipital complex, and the 
lateral geniculate nucleus (Anzai, Chowdhury, & DeAngelis, 2011; A. Buckthought et 
al., 2011; Ganis et al., 2004; Ogawa et al., 2013). There are a number of approaches that 
have been explored in an effort to uncover the anatomical basis for depth perception.  
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These include investigation of actual 3D viewing via parallax, actual 3D viewing via 
binocular disparity or perceived 3D shape from 2 dimensional images (2D) such as a 
necker cube(Inui et al., 2000; Pitts, Martínez, Stalmaster, Nerger, & Hillyard, 2009). 
Studies have also looked at 2D location decoding (Finlayson et al., 2017),differences in 
perceived depth and sensitivity to 3D object structure. In this study the focus was to 
directly compare 2D versus 3D viewing of differing stimuli of real life imagery in an 
effort to selectively isolate regions of the brain active in 3D perception.  
With the recent increase in available virtual reality systems for playing video games, 
watching films and viewing data, a more in-depth understanding is needed of the brain 
areas and networks activated during the presentation of 3D visual information via 
binocular disparity.  
Previous studies have displayed binocular disparity through stereograms, or red/blue 
stereoscopic anaglyphs, but very few have been able to take advantage of more current 
technologies such as passive 3D that reduced the confounding influence of other 
variables such as cross talking in color stimuli or cross eyed stimulus presentation.  
This study examined which brain areas are activated during 2D and 3D image 
presentation and also compared the differences in activation based on the types of images 
presented [e.g. locations in our world (buildings, places in nature and different locales) 
and animate and inanimate objects]. 
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METHODS  
 
Subjects 
Subjects consisted of 5 healthy adult volunteers between the ages of 24 and 35 (average 
age = 31, 1 female).  All subjects had at least a college education. Recruitment took 
place via “word or mouth”.  All provided consent to participate in this study and all 
passed basic Magnetic Resonance Imaging (MRI) safety screening.   
MRI acquisition 
MRI acquisition was performed using a Philips Achieva 3 tesla MRI system at the Center 
for Biomedical Imaging at Boston University Medical School, All data was collected 
using a 32 channel phased array head coil. A 3D T1 weighted structural image with a 
resolution of .98*.98*1.20 mm (sequence parameters). fMRI imaging performed using 
blood oxygen level-dependent (BOLD) signal, derived from echo planar imaging (EPI) 
sequences with an echo time (TE) of 28 ms, repetition time (TR) of 2000 ms with a 
resolution of 3*3*3 mm and a SENSE factor of 1.5. The entire brain including excluding 
the cerebellum was covered by 36 slices with a total FOV of 192*192*108 mm 
(RL*AP*FH).  
 
Experimental Set-up and Design 
Stimuli were presented during the fMRI routines using a MRI compatible passive 3D 
monitor provided by Cambridge Research Systems (Rochester, United Kingdom). The 
passive 3D panel was taken from an LG D2342 monitor and rebuilt into an MR safe LCD 
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panel which was situated on a trolley at the back of the MR bore. The screen was tilted at 
30 degrees to better align the flat face of the monitor to the mirror which was positioned 
above the subject’s eyes in the head coil. The subjects wear rotationally polarized lenses 
similar to those used during a 3D theatrical film. The screen separates images of opposite 
rotationally polarity thereby presenting only one image to each eye. With this technology 
we are able to induce parallax. The experiment consisted of 6 total fMRI runs under 3 
different topics of imagery, namely Plants and Animals, Objects and Locations 
Before this study could commence, the standard mirror system supplied by Philips 
Medical System fMRI studies needed to be adapted for use with the 3D monitor. The 
standard mirror has a coating of plastic laying on top of the it which acted as an optical 
disruption for the rotational polarization of the passive 3D screen. This produced 
crosstalk between the two different images on the screen. The rotationally polarized 
lenses worm by the subjects are designed to be able to allow an image to be visible in one 
eye and not the other and vice versa.  The standard mirror from Philips Medical Systems 
stripped the optical data of its polarization, there by destroying the effect. To ameliorate 
this issue, a custom mirror made of a non-birefringent, first surface enhanced aluminum 
was fitted to the head coil replacing the standard mirror. The first surface aluminum 
mirror prevented cross talk between the two differently polarized images being presented. 
Thus, the stimuli were presented on the 3D screen without interference allowing the 
subject to have a 3D effect while in the scanner. 
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Figure 1. A. A representation of what looking at the passive 3D screen without properly polarized glasses would 
look like. B. An example of what the left eye would see through the polarized glasses. C. An example of what the 
right eye would see through polarized glasses 
The fMRI stimuli used in this study were created and presented using Psychtoolbox in 
Matlab by Mathworks (Natick, Massachusetts). Psychtoolbox includes stereoscopic 
image presentation capabilities which were included in an in-house script. The script 
utilizes stereoscopic imaging by first acknowledging the passive 3D screen in an initial 
set up function. Once this has occurred our script then wrote one image to a left eye data 
buffer, and one image to a right eye data buffer. These buffers were loaded into the 
interlaced 3D monitor where the rotationally polarized glasses then prevented one eye 
from seeing one of the loaded images and vice versa. The eyes were shown two images 
with differing acquisition points, similar to that of the inter-ocular distance of the human 
eyes. The resulted is a disparate set of images, leading to the 3D stereoscopic effect.  
A standard block design paradigm was utilized for functional scans. The stimuli consisted 
of 5 blocks of 5 images shown in 2 dimensions for 4 seconds, followed by a 4 second rest 
period, which was followed by 5 images shown in 3 dimensions for 4 seconds each. The 
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block length was 20 seconds and each run lasted 5 minutes and 38 seconds. 
 
Figure 2. An illustration of the stimuli, a block of five 2 dimensional images was presented with a rest block of 10 
seconds during which participants viewed a fixation dot, followed by a block of five 3 dimensional images 
corresponding to the previously viewed 2D images, shown interlaced and layered. 
Stimuli were selected randomly from the internet in the form of cross view images  (e.g. 
images that induce parallax when viewed with crossed eyes). They were separated and 
made into individual files that were then shown on the screen simultaneously (see figure 
2). The polarized lenses worn by subjects ignore one image but show the other, this being 
opposite for the other eye. In order to determine if the effect of parallax varies as an 
effect of image category, pictures were separated into three groups: plants and animals, 
objects, and locations. A total of 93 images were used. Image sets were chosen based on 
the content of the image and the quality of the effect. 
 
Data Analysis 
The fMRI data acquired was first converted on the MR console into Philips proprietary 
format, PARREC. The data was then converted a second time into NIFTI using 
dcm2niigui, provided with MriCron. Data was adjusted to match the T1 Structural image. 
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Specifically, orientation was flipped or rotated along the z and x axes. All six runs were 
then analyzed using the FEAT pipeline through FMRIB’s FSL toolbox.  
For the first-level analysis, FEAT uses a modeling technique with multiple regressions, 
based on the general linear model called FILM. BOLD signal modeling is calculated by 
FSL based off of an input of the block design stimuli paradigm. The stimuli consisted of 
an active 2D image block, separated by a rest block, followed by an active 3D image 
block. These 3 tasks were used to look at differing activation patterns in the brain when 
compared with one another. The specific contrasts of interest were: 1. 2D image block 
versus 3D, 2. 2D block versus the rest block, and 3. 3D block versus the rest block. All 
runs were first preprocessed using BET for brain extraction, MCFLIRT for motion 
correction and a spatial smoothing of 5mm, and high-pass temporal filtering. Each run 
was also registered with the acquired high resolution T1 weighted image as well as fit 
into MNI space using a normal linear search and 12 degrees of freedom. All runs were fit 
with the general linear model, using a high pass filter cutoff of 90, a Z threshold of 2.3 
and P threshold of .05. Following initial GLM fitting for each fMRI run with a higher 
level FEAT analyses include mixed effect average of all runs, and FLAME 1+2 average 
across the entire subject population. The 3 topics of images were also averaged across 
subjects with mixed effects and then averaged amongst the group using FLAME1+2. 
Runs 1 and 4 contained the same set of images, but they were randomized between runs, 
the same applies to runs 2,5 and 3,6. By averaging runs 1+4, 2+5, 3+6, a comparison of 
the three topics of images can be made. 
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Activation data was visualized using the FreeSurfer visualizer, TKSurfer. The Z 
threshold in TKSurfer was set to 1.2. Anatomical regions were labeled using the Harvard-
Oxford Cortical structural atlas. 
  
 9 
RESULTS 
As outlined above, a group analysis was performed for each condition to examine 
the potential regional differences in BOLD signal that occurred when participants viewed 
2D compared to 3D stimuli. In order to determine if the BOLD response varied as a 
function of image category, the analysis was separated into plants/animals, 
locations/scenery, and other. 
 
3D vs 2D stimuli across all categories 
When the 3D versus 2D data were examined as a whole, a number of brain 
regions demonstrated significantly different activation patterns. Increased activation was 
observed in the right central and parietal opercular cortices, as well as the postcentral 
gyrus. Likewise, increased activation was also present in the right supramarginal gyrus 
(Z=3.16 p<.05), posterior middle temporal gyrus, and lateral occipital complex (LOC). A 
number of significant decreases were observed when viewing 3D images compared to 2D 
images. Specifically, decreased activation was observed within the occipital pole, lingual 
gyrus, inferior frontal gyrus and LOC. Refer to Appendix Table 1 for full details and 
MNI coordinates. 
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Figure 3. Group differences in BOLD activation when viewing 3D stimuli compared to 2D stimuli across all 
categories overlaid on an inflated pial surface (N=5, p < 0.05). Cool colors represent brain regions demonstrating 
decreased activation when viewing 3D stimuli, whereas warm colors represent brain regions demonstrating 
increased activation when viewing 3D stimuli. Viewing 3D stimuli was associated with significant increases in the 
posterior central gyrus, lateral occipital complex, precuneus, and frontal regions. Significant decreases were 
observed primarily in the inferior frontal cortex, as well as the lingual gyrus and medial temporal lobe. 
Plants and Animals 
When the analyses were limited to stimuli comprised of images of plants and 
animals, a number of significant differences in the BOLD signal were observed between 
3D and 2D stimuli. For example, significantly increased activation was demonstrated in 
the right middle frontal gyrus, supramarginal gyrus, middle frontal gyrus, post central 
gyrus. Bilateral increases were also observed in the frontal, supracalcarine, and cingulate 
areas, as well as in the supplementary motor cortex. Areas with significantly decreased 
activation were also observed, such as the right frontal orbital cortex, paracingulate 
gyrus, and the fusiform cortex, as well as the left subcallosal cortex and the temporal 
cortex (Figure 4). 
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Figure 4. Group differences in BOLD activation when viewing 3D stimuli compared to 2D stimuli of plants and 
animals, overlaid on an inflated pial surface (N=5, p < 0.05). Cool colors represent brain regions demonstrating 
decreased activation when viewing 3D stimuli, whereas warm colors represent brain regions demonstrating 
increased activation when viewing 3D stimuli. Viewing 3D stimuli was associated with significant increases in the 
right middle frontal gyrus, right supramarginal gyrus, left lingual gyrus, bilateral activation in the cingulate 
gyri. Significant decreases were observed in the frontal orbital cortex.  
Locations and Scenery 
When limiting the analysis to images of locations or scenery, a different pattern of 
BOLD activation was observed. When viewing 3D vs 2D stimuli significant increases 
were observed in the right central opercular, planum temporale, parietal operculum, and 
the precuneus cortices, as well as the left cingulate and paracingulate gyri. Additional 
increases were observed bilateral in the precentral gyri. Significantly decreased activation 
was observed in the right middle frontal gyrus and frontal pole, as well as the left lingual, 
cingulate, and paracingulate gyri.  
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Figure 5. Group differences in BOLD activation when viewing 3D stimuli compared to 2D stimuli of locations 
and sceneries overlaid on an inflated pial surface (N=5, p < 0.05). Cool colors represent brain regions 
demonstrating decreased activation when viewing 3D stimuli, whereas warm colors represent brain regions 
demonstrating increased activation when viewing 3D stimuli. Viewing 3D stimuli was associated with significant 
increases in the posterior central gyrus, lateral occipital complex, precuneus, and frontal regions. Significant 
decreases were observed primarily in the inferior frontal cortex, as well as the lingual gyrus and medial 
temporal lobe. 
Objects 
The final category was comprised of objects. When comparing BOLD activation 
between 3D versus 2D objects, significant increases in signal were observed primarily in 
the right hemisphere. Specifically, increases were demonstrated in the right central 
opercular cortex, middle temporal gyrus, lateral occipital cortex, parahippocampal gyrus 
and the cingulate gyrus, as well as the left frontal pole, temporal lobe, and cingulate 
gyrus. Significant decreases were observed bilaterally in the lingual, paracingulate, and 
cingulate gyri. 
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Figure 6. Group differences in BOLD activation when viewing 3D stimuli compared to 2D stimuli of objects 
overlaid on an inflated pial surface (N=5, p < 0.05). Cool colors represent brain regions demonstrating decreased 
activation when viewing 3D stimuli, whereas warm colors represent brain regions demonstrating increased 
activation when viewing 3D stimuli. Viewing 3D stimuli was associated with significant increases in the central 
opercular cortex, middle temporal gyrus and LOC. Significant decreases were observed in the superior frontal 
gyrus, cingulate and paracingulate gyri. 
 
Comparison of activation between first and second presentations of the 
stimuli 
In order to determine if there was an effect of task order the first three runs were 
compared to the second three runs, representing the first and second presentations of the 
images. Analysis of the data based on the first three runs (e.g. One run each of Plants and 
Animals, Locations, and Objects) revealed significant activation in the central opercular 
cortex, planum temporale, precuneous cortex, angular gyrus and the infereior frontal 
gyrus of the right hemisphere. The left hemisphere showed significant activation in the 
presentral gyrus and juxtapositional lobule cortex. We decreased activation was found in 
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the right lateral occipital cortex, middle tempopral gyrus and temporal occipital fusiform 
cortex. The right hemisphere showed a decrease in activation in the LOC and the 
juxtapositional lobule cortex. 
 
Figure 7. Group differences in BOLD activation when viewing 3D stimuli compared to 2D stimuli of averaged 
runs 1-3 overlaid on an inflated pial surface (N=5, p < 0.05). Cool colors represent brain regions demonstrating 
decreased activation when viewing 3D stimuli, whereas warm colors represent brain regions demonstrating 
increased activation when viewing 3D stimuli. Viewing 3D stimuli was associated with significant increases in the 
planum temporale, central operculum cortex, and the precuneous cortex. Significant decreases were observed in 
the frontal pole and LOC. 
 
 
 
Analysis of the data based on the last three runs (e.g. the second run each of 
Plants and Animals, Locations, and Objects) revealed significant activation in the central 
opercular cortex, middle temporal gyrus, post central gyrus, supramarginal gyrus and 
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insular cortex of the right hemisphere. The left hemisphere showed activation in the 
cingulate, and lingual gyri. There was bilateral activation of the paracingulate gyri. 
 
Figure 8 Group differences in BOLD activation when viewing 3D stimuli compared to 2D stimuli of averaged 
runs 4-6 overlaid on an inflated pial surface (N=5, p < 0.05). Cool colors represent brain regions demonstrating 
decreased activation when viewing 3D stimuli, whereas warm colors represent brain regions demonstrating 
increased activation when viewing 3D stimuli. Viewing 3D stimuli was associated with significant increases in the 
central opercular cortex, middle temporal gyrus and the right supramarginal gyrus.Significant decreases were 
observed in the right inferior frontal gyrus and the left lingual gyrus 
 
 
 
DISCUSSION 
 
  
The overall goal of this study was to examine multiple facets of 3D vs 2D image viewing 
using a passive 3D MR safe LCD monitor. Images that demonstrated the binocular 
disparity phenomenon were captured from the internet and categorized based on subject 
matter (e.g. plants/animals, places/scenery, and objects). One of the aims of this study 
was to expand the results presented in the literature (A. Buckthought et al., 2011; Athena 
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Buckthought & Wilson, 2007; Finlayson et al., 2017; Ganis et al., 2004) using a more 
advanced form of 3D image viewing. The technology utilized in much of the literature 
investigating 3D perception and binocular rivalry have utilized more archaic forms of 3D 
image presentation.  For instance, previous studies utilize red-blue anaglyphs(Céline et 
al., 2015; Liu, Wang, Hong, & Gao, 2013), 3D Stereograms (Wang et al., 2016) which 
require the subject to cross their eyes in order to create the desired 3D effect or to be 
shown 2 images at set distances to ensure fusion of the two images as one with depth 
(Jastorff, Abdollahi, Fasano, & Orban, 2016). Each of these produce the 3D effect but 
require the participant to achieve the effect in an unnatural way (crossed eyes or red/blue 
color overlay). The image display paradigm used in this study was developed in-house 
and took advantage of an underutilized technology, namely passive 3D viewing. Passive 
3D image presentation is better suited for the fMRI environment because it only requires 
the subject to wear a pair of opposing rotationally polarized lenses. The screen itself is 
covered with a film patterned retarder that enables viewing of two interlaced layers of 
images. Other technology in the 3D screen technology requires battery driven shutter 
glasses that would not operate safely in an MR environment and would present serious 
artifacts to the data.  
An initial analysis of BOLD signal during 3D viewing versus their analog 2D 
versions was performed. The data collected showed significant alterations in activation in 
many areas supported by literature; specifically, the LOC (A. Buckthought et al., 2011), 
supramarginal (Ganis et al., 2004) lingual (Ganis et al., 2004), and post central gyri 
(Ganis et al., 2004). Increased activation in V1, V3 and V3A has been reported (A. 
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Buckthought et al., 2011; Finlayson et al., 2017; Ganis et al., 2004), although our data 
was not able to show specific differentiation of activation in these areas.  
A significant increase in signal within the right parietal and frontal opercular 
cortex was also observed when viewing 3D stimuli in this study. To our knowledge, 
activation within this area during 3D image presentation has not previously been 
reported. The operculum may be involved in motor planning and visuospatial processing 
in humans as well as non-human primates (Petrides & Pandya, 2002). Because the stimuli 
used in the current study are 3D representations of real life objects and locations, it is 
plausible that the spatial relationships within the images increased neural activity within 
visuospatial processing regions, such as the operculm. Increased activation within this 
region was particularly prominent when viewing 3D images of objects and 
plants/animals, providing further rationale for the potentially increased visuospatial 
processing. 
The posterior cingulate also showed significant activation in several of the 
analyses. Due to the cingulate gyrus’ involvement in the limbic system, which is involved 
in memory and learning, it can be supposed that seeing images of known objects, 
locations, and plants or animals could be implicated.  
Topic: Plants and animals 
Because we used three different categories of images (plants and animals, objects, 
and locations/scenery), the two runs of each category were combined to assess within 
category activation patterns. When the images were of various plants and animals, 
significant activation with a Z score over 3.9 was observed in the middle frontal, 
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supramarginal, superior parietal lobule, and the lingual gyri. The lingual gyrus is crucial 
for visual processing (Bogousslavsky, Miklossy, Deruaz, Assal, & Regli, 1987). Thus, it 
can be expected that it is activated during any visual processing, regardless of whether it 
involves stereoscopic viewing or not. It is unclear why the lingual gyrus shows 
significant activation during the 3D image block, but may be related to the fact that this 
gyrus been shown to activate during image recollection (Machielsen, Rombouts, Barkhof, 
Scheltens, & Witter, 2000), the 3D version being more akin to real life perception may 
trigger this, further research is required. The middle frontal gyrus has also been 
implicated in stereoscopic image perception (A. Buckthought et al., 2011). The superior 
parietal lobule has been shown to be activated in many fMRI studies of stereoscopic 
imagery (Iwami et al., 2002; Nishida et al., 2001; Rutschmann & Greenlee, 2004). 
Interestingly the involvement of the right supramarginal gyrus, which we were able to 
show significant activation in with almost all of our separate analyses (based on topic and 
task effect). Ordinarily, this brain region is associated with tactile sensory data and 
perception of space and limbs location (Reed & Caselli, 1994) which may explain its 
involvement in 3D image perception, as the effect can be perceived as more real or 
immersive than that of the standard 2D image viewing. 
Topic: Locations 
During viewing of images of different locations and sceneries significant 
activation was observed in the central opercular cortex. Activation was also found in the 
right planum temporale which has recently been described as being responsible for 
locating sounds in space (Deouell, Heller, Malach, D’Esposito, & Knight, 2007). It is 
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unclear exactly how 3D image presentation may affect this area, but it is conceivable that 
the depth associated with the images along with the inherent fMRI sounds could possibly 
lead to activation patterns such as this. Further investigation is necessary. 
Topic: Objects  
During display of images in our subcategory of “Objects” we had similar 
activation patterns as in our previously discussed subtopics, particularly in the right LOC, 
cingulate gyrus and right planum temporale. We had a considerable amount of significant 
activation in the right parahippocampal gyrus, not seen in other contrasts. Similarly, the 
cingulate gyrus, the parahippocampal gyrus’ involvement in the limbic system and 
memory encoding and retrieval may explain activation during this stimulus, since the 
objects shown are mostly mundane things most people have been exposed to. 
Topic: Task Effect 
 The task effect analysis had similar outcomes between one another. The analysis 
of runs 4-6 (e.g. second round of runs) yielded stronger activation patterns over all when 
compared with the analysis of runs 1-3 (e.g. first round of runs). This may be due to the 
fact that this is the second time the subjects are seeing the images, so their recollection of 
the images may show an increase in the functional activity. Regardless, both analyses 
showed significant activation in similar areas; cingulate gyrus, paracingulate gyrus, 
lingual gyri, supramarginal gyri and planum temporale. The LOC did not show 
significant activation, which suggests that the statistical power of only one set of the topic 
images, was not strong enough.  The analysis of each set were not compared statistically 
to one another, the analysis of the entirety of the runs was sufficient for the breadth of 
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this study. We analyzed each set alone to determine the statistical strength required for 
further research and to determine if the selected content of images were sufficient in 
showing meaningful outcomes with a single repetition of the images.  
 
Limitations  
 Limitations in this study include the small sample size (N=5). Due to the fact that 
this research reflects a proof of concept of the efficacy of the passive 3D effect and 
application of the in house presentation script. Selection of the images used to create the 
effect were chosen with no control of the acquisition of the image. The strength of the 3D 
effect is based off of the distance in positioning of the cameras for each photo. A further 
study could include images with very specific distances from one another thereby 
creating the exact same strength of the 3D effect. The subjects inter pupillary distances 
will always have a small variability and therefore the strength of the effect can change, 
especially if the inter pupillary distance of the photos is not consistent. 
 
Conclusion 
This study has been able to show that 3D stimuli presented in the form of real life 
imagery can illicit brain activation in areas previously defined by the literature. 
Furthermore, by categorizing the stimuli based on topics, we can have a closer look at the 
brain activation patterns associated with images of specific meaning, perhaps allowing a 
clearer picture of which types of stimuli are more likely to demonstrate the strongest 
difference in activation between 3D and 2D. Further research into this subject is required. 
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APPENDIX 1 
 
All Runs 
Averaged 
    
Right 
Hemisphere 
    
Z Score X y z  
 4.46 49 -19 16 70% Central Opercular Cortex, 12% Parietal 
Operculum Cortex, 5% Heschl's Gyrus 
(includes H1 and H2) 
 4.39 49 -36 18 42% Parietal Operculum Cortex, 41% Planum 
Temporale, 4% Supramarginal Gyrus, 
posterior division, 1% Supramarginal Gyrus, 
anterior division, 1% Superior Temporal 
Gyrus, posterior division 
 4.3 65 -13 18 69% Postcentral Gyrus, 5% Central Opercular 
Cortex, 3% Supramarginal Gyrus, anterior 
division, 1% Precentral Gyrus 
 3.2 8 62 -13 62% Frontal Pole 
 3.16 51 -43 17 14% Supramarginal Gyrus, posterior division, 
11% Planum Temporale, 3% Angular Gyrus, 
2% Superior Temporal Gyrus, posterior 
division 
 2.9 51 -58 0 30% Middle Temporal Gyrus, 
temporooccipital part, 13% Lateral Occipital 
Cortex, inferior division, 3% Inferior 
Temporal Gyrus, temporooccipital part 
 2.6 39 32 26 39% Middle Frontal Gyrus, 1% Frontal Pole 
 2.49 48 -53 14 30% Angular Gyrus, 23% Middle Temporal 
Gyrus, temporooccipital part, 12% 
Supramarginal Gyrus, posterior division, 2% 
Lateral Occipital Cortex, superior division, 
1% Lateral Occipital Cortex, inferior division, 
1% Superior Temporal Gyrus, posterior 
division 
      
 -1.77 13 -91 20 31% Occipital Pole, 6% Cuneal Cortex, 3% 
Lateral Occipital Cortex, superior division 
 -1.77 5 -80 -1 65% Lingual Gyrus, 16% Intracalcarine 
Cortex 
 22 
 -1.6 26 -92 4 33% Occipital Pole, 12% Lateral Occipital 
Cortex, inferior division, 6% Lateral Occipital 
Cortex, superior division 
 -1.5 55 23 12 37% Inferior Frontal Gyrus, pars triangularis, 
33% Inferior Frontal Gyrus, pars opercularis, 
1% Middle Frontal Gyrus 
Left 
Hemisphere 
    
 3.5 -6 58 -16 59% Frontal Pole, 8% Frontal Medial Cortex 
 3.275 -47 -21 59 48% Precentral Gyrus, 4% Juxtapositional 
Lobule Cortex (formerly Supplementary 
Motor Cortex) 
 3.11 -57 -22 21 71% Parietal Lobe 
 3 -57 -58 3 6% Lingual Gyrus, 1% Precuneous Cortex, 
1% Cingulate Gyrus, posterior division 
 2.7 -8 -7 51 58% Juxtapositional Lobule Cortex (formerly 
Supplementary Motor Cortex), 13% Cingulate 
Gyrus, anterior division, 4% Precentral Gyrus, 
1% Cingulate Gyrus, posterior division 
 2.6 -16 -61 26 88% Precuneous Cortex, 4% Supracalcarine 
Cortex 
 2.51 -10 44 22 69% Paracingulate Gyrus, 8% Cingulate 
Gyrus, anterior division, 1% Superior Frontal 
Gyrus 
 1.3 -47 -14 -15 16% Temporal Lobe 
      
 -2.18 -7 -86 -2 38% Lingual Gyrus, 29% Intracalcarine 
Cortex, 8% Supracalcarine Cortex, 5% 
Occipital Pole 
 -1.94 -30 0 47 40% Cingulate Gyrus, anterior division, 33% 
Juxtapositional Lobule Cortex (formerly 
Supplementary Motor Cortex) 
 -1.89 -42 -79 -13 36% Lingual Gyrus, 2% Occipital Fusiform 
Gyrus 
 1.88 -42 3 26 22% Cingulate Gyrus, anterior division 
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APPENDIX 2 
Plants and 
Animals 
    
Right Hemisphere     
 Z Score x y z  
 4.1 41 32 26 42% Middle Frontal Gyrus, 4% 
Frontal Pole, 1% Inferior Frontal 
Gyrus, pars triangularis 
 3.97 54 -26 38 32% Supramarginal Gyrus, anterior 
division, 31% Postcentral Gyrus 
 3.96 53 -27 28 18% Supramarginal Gyrus, anterior 
division, 9% Parietal Operculum 
Cortex, 3% Postcentral Gyrus, 2% 
Central Opercular Cortex 
 3.9 39 28 27 32% Middle Frontal Gyrus, 1% 
Inferior Frontal Gyrus, pars 
triangularis 
 3.84 10 -2 56 35% Juxtapositional Lobule Cortex 
(formerly Supplementary Motor 
Cortex) 
 3.8 17 -28 39 15% Cingulate Gyrus, posterior 
division, 13% Precentral Gyrus, 3% 
Precuneous Cortex, 1% Postcentral 
Gyrus 
 3.7 45 -52 15 21% Angular Gyrus, 15% Middle 
Temporal Gyrus, temporooccipital 
part, 14% Supramarginal Gyrus, 
posterior division, 3% Superior 
Temporal Gyrus, posterior division 
 3.68 63 -14 22 67% Postcentral Gyrus, 3% 
Supramarginal Gyrus, anterior 
division, 1% Central Opercular 
Cortex 
 3.6 44 -57 17 35% Angular Gyrus, 13% Middle 
Temporal Gyrus, temporooccipital 
part, 8% Lateral Occipital Cortex, 
superior division, 3% Lateral 
 24 
Occipital Cortex, inferior division, 
1% Supramarginal Gyrus, posterior 
division 
 3.5 7 -60 57 61% Precuneous Cortex, 3% Lateral 
Occipital Cortex, superior division, 
1% Superior Parietal Lobule 
 3.35 20 15 52 33% Superior Frontal Gyrus, 6% 
Middle Frontal Gyrus 
 3.16 12 13 42 25% Paracingulate Gyrus, 5% 
Cingulate Gyrus, anterior division, 
1% Juxtapositional Lobule Cortex 
(formerly Supplementary Motor 
Cortex), 1% Superior Frontal Gyrus 
 3.15 32 20 8 38% Frontal Operculum Cortex, 
30% Insular Cortex, 1% Central 
Opercular Cortex, 1% Frontal 
Orbital Cortex 
 3.12 42 -6 50 61% Precentral Gyrus, 3% Middle 
Frontal Gyrus 
 3.08 26 -57 49 31% Superior Parietal Lobule, 21% 
Lateral Occipital Cortex, superior 
division, 3% Angular Gyrus, 2% 
Supramarginal Gyrus, posterior 
division 
 3.06 50 -58 0 30% Middle Temporal Gyrus, 
temporooccipital part, 13% Lateral 
Occipital Cortex, inferior division, 
3% Inferior Temporal Gyrus, 
temporooccipital part 
 2.9 16 -67 9 62% Intracalcarine Cortex, 6% 
Supracalcarine Cortex, 4% 
Precuneous Cortex, 2% Cuneal 
Cortex 
 2.75 19 54 -13 52% Frontal Pole 
      
 -1.8 28 26 -18 61% Frontal Orbital Cortex, 2% 
Frontal Pole 
 -1.7 11 50 15 56% Paracingulate Gyrus, 7% 
Superior Frontal Gyrus, 4% Frontal 
Pole, 1% Cingulate Gyrus, anterior 
division 
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 -1.5 43 -54 -13 38% Temporal Occipital Fusiform 
Cortex, 24% Inferior Temporal 
Gyrus, temporooccipital part, 3% 
Occipital Fusiform Gyrus, 2% 
Inferior Temporal Gyrus, posterior 
division, 1% Lateral Occipital 
Cortex, inferior division 
Left Hemisphere     
 4.03 -61 -55 2 3% Lingual Gyrus, 1% Precuneous 
Cortex 
 3.7 -38 35 26 47% Paracingulate Gyrus, 34% 
Cingulate Gyrus, anterior division 
 3.7 -30 -12 49 36% Juxtapositional Lobule Cortex 
(formerly Supplementary Motor 
Cortex), 16% Cingulate Gyrus, 
anterior division, 15% Precentral 
Gyrus, 3% Cingulate Gyrus 
 3.4 -43 31 23 73% Cingulate Gyrus, anterior 
division, 6% Paracingulate Gyrus 
 3.4 -59 -1 8 44% Frontal Lobe, 3% Temporal 
Lobe 
 3.4 -30 30 4 11% Cingulate Gyrus, anterior 
division, 1% Subcallosal Cortex 
 3.34 -14 -48 69 15% Precuneous Cortex, 5% 
Postcentral Gyrus, 2% Precentral 
Gyrus, 1% Superior Parietal Lobule 
 3.23 -9 -10 56 54% Juxtapositional Lobule Cortex 
(formerly Supplementary Motor 
Cortex), 14% Precentral Gyrus 
 2.78 -27 -51 67 16% Precuneous Cortex, 2% 
Postcentral Gyrus 
 2.7 -19 -37 45 50% Cingulate Gyrus, posterior 
division, 24% Precuneous Cortex 
 2.6 -38 -24 46 42% Cingulate Gyrus, posterior 
division, 15% Precentral Gyrus, 4% 
Cingulate Gyrus, anterior division, 
1% Precuneous Cortex 
 2.5 -14 -78 13 46% Supracalcarine Cortex, 27% 
Intracalcarine Cortex, 11% Lingual 
Gyrus, 7% Cuneal Cortex 
 2.4 -4 -19 11 83% Thalamus 
      
 26 
 -1.77 -50 33 2 36% Cingulate Gyrus, anterior 
division, 5% Subcallosal Cortex 
 -1.7 -48 15 -28 3% Subcallosal Cortex 
 -1.6 -24 -24 -27 38% Temporal Lobe 
 -1.4 -7 -87 -2 34% Lingual Gyrus, 25% 
Intracalcarine Cortex, 12% 
Occipital Pole, 8% Supracalcarine 
Cortex 
 
 
 
 
 
 
 
APPENDIX 3 
Location       
Right Hemisphere     
Z score x y z  
 3.38 53 -16 17 68% Central Opercular Cortex, 7% 
Parietal Operculum Cortex, 2% 
Postcentral Gyrus, 1% Planum 
Temporale, 1% Heschl's Gyrus 
(includes H1 and H2) 
 3.34 48 -36 15 59% Planum Temporale, 14% 
Parietal Operculum Cortex, 3% 
Supramarginal Gyrus, posterior 
division 
 2.9 62 3 12 63% Precentral Gyrus, 4% 
Postcentral Gyrus, 1% Central 
Opercular Cortex 
 2.7 56 -12 36 58% Postcentral Gyrus, 17% 
Precentral Gyrus 
 2.7 8 -60 55 46% Precuneous Cortex, 5% 
Lateral Occipital Cortex, superior 
division, 4% Superior Parietal 
Lobule 
 2.4 7 -19 62 43% Precentral Gyrus, 4% 
Juxtapositional Lobule Cortex 
(formerly Supplementary Motor 
Cortex) 
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 -2.27 40 12 44 45% Middle Frontal Gyrus, 1% 
Precentral Gyrus 
 -2.14 55 24 13 51% Inferior Frontal Gyrus, pars 
triangularis, 21% Inferior Frontal 
Gyrus, pars opercularis, 2% Middle 
Frontal Gyrus 
 -2.06 25 53 8 51% Frontal Pole 
 -1.9 12 21 35 27% Paracingulate Gyrus, 13% 
Cingulate Gyrus, anterior division, 
1% Superior Frontal Gyrus 
 -1.8 26 -63 -7 32% Occipital Fusiform Gyrus, 
20% Lingual Gyrus, 19% Temporal 
Occipital Fusiform Cortex 
      
Left Hemisphere     
 3.14 -53 -18 43 65% Cingulate Gyrus, posterior 
division, 19% Cingulate Gyrus, 
anterior division, 6% Precentral 
Gyrus 
 3.03 -51 -20 40 81% Cingulate Gyrus, posterior 
division, 14% Cingulate Gyrus, 
anterior division, 2% Precentral 
Gyrus 
 2.96 -36 -32 69 40% Precentral Gyrus, 24% 
Postcentral Gyrus 
 2.9 -6 63 -11 75% Frontal Pole, 1% Frontal 
Medial Cortex 
 2.88 -41 3 39 86% Cingulate Gyrus, anterior 
division 
 2.8 -47 -21 59 48% Precentral Gyrus, 4% 
Juxtapositional Lobule Cortex 
(formerly Supplementary Motor 
Cortex) 
 2.8 -10 44 21 65% Paracingulate Gyrus, 14% 
Cingulate Gyrus, anterior division, 
1% Superior Frontal Gyrus 
 2.73 -25 25 32 52% Cingulate Gyrus, anterior 
division, 28% Paracingulate Gyrus 
      
 -1.75 -51 26 10 8% Cingulate Gyrus, anterior 
division 
 -1.56 -31 0 45 56% Cingulate Gyrus, anterior 
division, 22% Juxtapositional 
 28 
Lobule Cortex (formerly 
Supplementary Motor Cortex) 
 -1.52 -38 41 20 47% Paracingulate Gyrus, 36% 
Cingulate Gyrus, anterior division 
 -1.5 -37 -81 -15 28% Lingual Gyrus 
 
 
 
 
 
 
 
 
 
 
 
 
 
APPENDIX 4 
Objects      
Right Hemisphere     
 Z Score x y z  
 3.04 57 -18 15 56% Central Opercular Cortex, 
11% Planum Temporale, 8% 
Heschl's Gyrus (includes H1 and 
H2), 6% Parietal Operculum 
Cortex, 4% Postcentral Gyrus 
 2.6 47 -40 0 16% Middle Temporal Gyrus, 
posterior division, 8% Superior 
Temporal Gyrus, posterior division, 
2% Middle Temporal Gyrus, 
temporooccipital part, 1% 
Supramarginal Gyrus, posterior 
division 
 2.6 28 -75 17 23% Lateral Occipital Cortex, 
superior division, 1% Lateral 
Occipital Cortex, inferior division 
 2.48 22 -10 -34 76% Parahippocampal Gyrus, 
anterior division 
 2.43 46 -36 15 58% Planum Temporale, 19% 
Parietal Operculum Cortex, 3% 
 29 
Supramarginal Gyrus, posterior 
division 
 2.43 2 -13 28 30% Cingulate Gyrus, anterior 
division, 16% Cingulate Gyrus, 
posterior division 
 2.3 23 27 34 15% Superior Frontal Gyrus, 11% 
Middle Frontal Gyrus 
 2.3 51 -14 -15 23% Middle Temporal Gyrus, 
posterior division, 7% Middle 
Temporal Gyrus, anterior division, 
7% Superior Temporal Gyrus, 
posterior division, 1% Superior 
Temporal Gyrus, anterior division 
 2.21 3 25 -4 66% Subcallosal Cortex, 1% 
Cingulate Gyrus, anterior division 
 2.2 39 -71 -4 37% Lateral Occipital Cortex, 
inferior division, 6% Occipital 
Fusiform Gyrus 
 2.2 8 -42 32 40% Cingulate Gyrus, posterior 
division, 2% Precuneous Cortex 
      
 -2.2 10 15 44 37% Paracingulate Gyrus, 5% 
Superior Frontal Gyrus, 3% 
Cingulate Gyrus, anterior division, 
1% Juxtapositional Lobule Cortex 
(formerly Supplementary Motor 
Cortex) 
 -2.2 17 48 6 10% Paracingulate Gyrus, 1% 
Cingulate Gyrus, anterior division, 
1% Frontal Medial Cortex 
 -2.19 57 7 19 64% Precentral Gyrus, 13% Inferior 
Frontal Gyrus, pars opercularis 
 -1.86 39 45 11 69% Frontal Pole 
 -1.8 5 -82 -4 66% Lingual Gyrus, 12% 
Intracalcarine Cortex 
Left Hemisphere     
 3.4 -6 56 -17 49% Frontal Pole, 19% Frontal 
Medial Cortex 
 2.5 -55 -3 -31 81% Temporal Lobe 
 2.4 1 -12 28 34% Cingulate Gyrus, anterior 
division, 10% Cingulate Gyrus, 
posterior division 
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 2.1 -11 36 15 86% Cingulate Gyrus, anterior 
division, 1% Paracingulate Gyrus 
 1.66 -12 -52 41 58% Precuneous Cortex, 8% 
Cingulate Gyrus, posterior division 
      
 -2.2 -9 -86 -7 65% Lingual Gyrus, 11% 
Intracalcarine Cortex, 5% Occipital 
Pole, 1% Occipital Fusiform Gyrus 
 -2.1 -49 11 -1 29% Subcallosal Cortex 
 -2.1 -57 -31 38 93% Cingulate Gyrus, posterior 
division, 2% Precuneous Cortex 
 -2.08 -38 37 14 86% Cingulate Gyrus, anterior 
division, 1% Paracingulate Gyrus 
 -1.9 -35 1 7 9% Insula, 2% Putamen 
 -1.8 -58 -39 -20 74% Temporal Lobe 
 -1.7 -44 -38 -23 86% Temporal Lobe 
 
 
 
 
 
 
APPENDIX 5 
Task Effect Runs 1-3     
Right Hemisphere     
Z Score x y z  
 3.6 48 -37 19 45% Planum Temporale, 26% 
Parietal Operculum Cortex, 8% 
Supramarginal Gyrus, posterior 
division, 2% Superior Temporal 
Gyrus, posterior division 
 3.34 58 -17 14 57% Central Opercular Cortex, 
14% Planum Temporale, 6% 
Postcentral Gyrus, 5% Heschl's 
Gyrus (includes H1 and H2), 5% 
Parietal Operculum Cortex 
 3.19 2 -12 6 100% Thalamus 
 3.1 8 -61 55 40% Precuneous Cortex, 11% 
Lateral Occipital Cortex, superior 
division, 5% Superior Parietal 
Lobule 
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 2.9 44 -53 19 36% Angular Gyrus, 16% 
Supramarginal Gyrus, posterior 
division, 6% Middle Temporal 
Gyrus, temporooccipital part, 1% 
Lateral Occipital Cortex, superior 
division, 1% Superior Temporal 
Gyrus, posterior division 
 2.5 60 -37 -18 44% Inferior Temporal Gyrus, 
posterior division, 21% Middle 
Temporal Gyrus, posterior 
division, 6% Inferior Temporal 
Gyrus, temporooccipital part, 1% 
Middle Temporal Gyrus, 
temporooccipital part 
 2.4 11 59 -18 52% Frontal Pole 
 2.3 41 26 18 23% Inferior Frontal Gyrus, pars 
triangularis, 10% Inferior Frontal 
Gyrus, pars opercularis, 8% 
Middle Frontal Gyrus 
 2.27 7 -27 57 46% Precentral Gyrus, 2% 
Precuneous Cortex, 2% 
Postcentral Gyrus 
      
 -2.31 26 49 8 42% Frontal Pole 
 -1.76 25 -86 16 38% Lateral Occipital Cortex, 
superior division, 2% Occipital 
Pole 
 -1.6 56 2 -30 39% Middle Temporal Gyrus, 
anterior division, 32% Temporal 
Pole, 2% Inferior Temporal 
Gyrus, anterior division, 2% 
Middle Temporal Gyrus, 
posterior division, 2% Superior 
Temporal Gyrus, anterior 
division 
 -1.5 43 -54 -13 38% Temporal Occipital 
Fusiform Cortex, 24% Inferior 
Temporal Gyrus, 
temporooccipital part, 3% 
Occipital Fusiform Gyrus, 2% 
Inferior Temporal Gyrus, 
posterior division, 1% Lateral 
Occipital Cortex, inferior division 
 32 
Left Hemisphere     
 3.44 -41 -24 -5 1% Temporal Lobe 
 3.22 -57 -22 21 71% Parietal Lobe 
 3.15 -36 -31 67 38% Precentral Gyrus, 24% 
Postcentral Gyrus 
 2.94 -45 -21 59 48% Precentral Gyrus, 4% 
Juxtapositional Lobule Cortex 
(formerly Supplementary Motor 
Cortex) 
 2.81 -13 -12 48 36% Juxtapositional Lobule 
Cortex (formerly Supplementary 
Motor Cortex), 16% Cingulate 
Gyrus, anterior division, 15% 
Precentral Gyrus, 3% Cingulate 
Gyrus, posterior division 
 2.25 -1 -8 13 18% Thalamus 
 2.16 -61 -51 -4 87% Temporal Lobe 
      
 -1.8 -31 12 4 7% Subcallosal Cortex 
 -1.7 -34 1 48 44% Juxtapositional Lobule 
Cortex (formerly Supplementary 
Motor Cortex), 23% Cingulate 
Gyrus, anterior division 
 -1.7 -52 -40 46 34% Precuneous Cortex, 29% 
Cingulate Gyrus, posterior 
division 
 -1.6 -7 14 24 62% Cingulate Gyrus, anterior 
division 
APPENDIX 6 
Task Effect Runs 
4-6 
    
Right Hemisphere     
Z Score x y z  
 4.55 61 -15 17 51% Central Opercular Cortex, 22% 
Postcentral Gyrus, 4% Parietal 
Operculum Cortex, 3% Planum 
Temporale 
 4.3 49 -42 -2 15% Middle Temporal Gyrus, 
posterior division, 6% Middle 
Temporal Gyrus, temporooccipital 
part, 2% Supramarginal Gyrus, 
 33 
posterior division, 1% Superior 
Temporal Gyrus, posterior division 
 3.81 38 -30 45 35% Postcentral Gyrus, 5% 
Superior Parietal Lobule, 3% 
Supramarginal Gyrus, anterior 
division 
 3.7 49 -5 -41 64% Inferior Temporal Gyrus, 
anterior division, 16% Inferior 
Temporal Gyrus, posterior division, 
2% Temporal Fusiform Cortex, 
posterior division, 2% Temporal 
Fusiform Cortex, anterior division 
 3.66 54 -26 38 32% Supramarginal Gyrus, anterior 
division, 31% Postcentral Gyrus 
 3.2 39 1 -3 60% Insular Cortex 
 3.11 54 -53 -4 34% Middle Temporal Gyrus, 
temporooccipital part, 7% Inferior 
Temporal Gyrus, temporooccipital 
part, 4% Lateral Occipital Cortex, 
inferior division, 1% Middle 
Temporal Gyrus, posterior division 
 2.92 60 -33 3 62% Superior Temporal Gyrus, 
posterior division, 18% Middle 
Temporal Gyrus, posterior division, 
1% Supramarginal Gyrus, posterior 
division 
 2.69 42 32 26 49% Middle Frontal Gyrus, 8% 
Frontal Pole, 2% Inferior Frontal 
Gyrus, pars triangularis 
 2.63 11 37 -10 22% Paracingulate Gyrus, 20% 
Frontal Medial Cortex, 4% 
Cingulate Gyrus, anterior division, 
1% Subcallosal Cortex 
      
 -2.24 54 24 6 55% Inferior Frontal Gyrus, pars 
triangularis, 21% Inferior Frontal 
Gyrus, pars opercularis, 1% Frontal 
Operculum Cortex 
 -2 14 48 11 28% Paracingulate Gyrus, 4% 
Cingulate Gyrus, anterior division, 
 34 
2% Superior Frontal Gyrus, 1% 
Frontal Pole 
 -1.99 57 -27 -25 58% Inferior Temporal Gyrus, 
posterior division, 6% Middle 
Temporal Gyrus, posterior division 
 -1.9 23 -30 -20 68% Parahippocampal Gyrus, 
posterior division, 2% Temporal 
Fusiform Cortex, posterior division 
 -1.8 5 -80 -1 65% Lingual Gyrus, 16% 
Intracalcarine Cortex 
      
Left Hemisphere     
 3.6 -54 -21 37 90% Cingulate Gyrus, posterior 
division, 9% Cingulate Gyrus, 
anterior division 
 3.5 -25 51 2 68% Paracingulate Gyrus, 4% 
Cingulate Gyrus, anterior division, 
4% Frontal Medial Cortex, 3% 
Frontal Pole 
 3.3 -44 -62 11 20% Lingual Gyrus, 20% 
Precuneous Cortex, 11% 
Intracalcarine Cortex, 4% 
Supracalcarine Cortex, 3% 
Cingulate Gyrus, posterior division 
 3.2 -57 -18 42 65% Cingulate Gyrus, posterior 
division, 19% Cingulate Gyrus, 
anterior division, 6% Precentral 
Gyrus 
 2.69 -7 12 27 77% Cingulate Gyrus, anterior 
division 
 2.64 -9 67 -1 46% Frontal Pole 
 2.61 -14 44 16 44% Paracingulate Gyrus, 36% 
Cingulate Gyrus, anterior division 
 2.5 -36 34 26 47% Paracingulate Gyrus, 34% 
Cingulate Gyrus, anterior division 
 2.26 -11 -65 32 83% Precuneous Cortex, 4% Cuneal 
Cortex, 2% Supracalcarine Cortex 
      
 -2.1 -6 -88 -7 54% Lingual Gyrus, 13% 
Intracalcarine Cortex, 12% 
Occipital Pole, 1% Supracalcarine 
Cortex, 1% Occipital Fusiform 
Gyrus 
 35 
 -2.1 -40 -35 -19 83% Temporal Lobe 
 -2.03 -44 4 23 2% Cingulate Gyrus, anterior 
division 
 -1.8 -40 -79 -14 36% Lingual Gyrus, 2% Occipital 
Fusiform Gyrus 
 -1.78 -5 -10 29 36% Cingulate Gyrus, anterior 
division, 5% Cingulate Gyrus, 
posterior division 
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